Elevated glucose concentrations have profound effects on cell function. We hypothesized that incubation of human aortic endothelial cells (HAEC) with high glucose increases insulin signaling and develops the appearance of insulin-stimulated glucose uptake by the cells. 
Introduction.
It is clear that strict glucose control results in reduction in risk of microvascular complications in diabetes mellitus (44) . The relationship between hyperglycemia and macrovascular complications, however, is less obvious in spite of the fact that subjects with type 2 diabetes are two to four times more prone to develop cardiovascular pathology than non-diabetic subjects (15, 41) . Hyperglycemia is recognized as a crucial factor contributing to vascular impairment in diabetes mellitus, obesity, and metabolic syndrome (9, 14, 17, 44, 46) . A large body of evidence indicates that in hyperglycemic conditions one of major contributors to the development of large vessel pathology is the endothelial dysfunction (9, 10, 16) .
It has been shown that high glucose impairs vasodilatory action of insulin by decreasing the ability of endothelial cells to activate the eNOS/NO pathway (11, 33) . Indeed, previous in vivo and in vitro studies demonstrated that hyperglycemia impairs insulin-induced vasorelaxation (34, 43, 47) . The mechanism(s) by which high glucose promotes endothelial dysfunction is via excessive intracellular glucose accumulation and oxidative stress which lead to increased production of reactive oxygen species (ROS) with consequent induction of the aldose reductase pathway and formation of advanced glycation end products (AGEs) as well as enhanced signaling at the level of protein kinase C (PKC) and mitogen-activated protein kinases (MAPK) (9, 31, 35) .
Aortic endothelial cells do express insulin receptors with characteristics similar to the ones in other tissues, and GLUT-1 is the major glucose transporting protein in endothelial cells (3, 4, 8, 18, 19, 28) . However, insulin does not increase glucose transport by aortic endothelial cells incubated in medium containing 5 mM glucose (3, 8, 20) , which might be explained by E-00326-2005. R2 3 of 31 either a relatively low concentration of insulin receptors in the cell membrane or by an inability of physiological doses of insulin to initiate a signaling cascade (1, 8, 20) .
One of the well-established effects of oxygen radicals is an acceleration of cellular growth (6) . For instance, vascular endothelial and smooth muscle cell genotypes are dramatically reversed to pro-arteriosclerotic by oxidative stress, which is accompanied by secretion of vascular growth factors (5) . Also, it was demonstrated that oxidative stress in aortic endothelial cells promotes synthesis and secretion of pro-inflammatory cytokines interleukin-6 (IL-6) and interleukin-8 (IL-8), which were implicated in pathogenesis of atherosclerosis (36, 37, 42).
Furthermore, studies by our laboratory also demonstrated that pro-oxidative action of hyperglycemia leads to emergence of insulin receptors and insulin signaling intermediates in Tlymphocytes both in vitro and in vivo (22, 39, 40) providing background for similar studies utilizing blood vessel cells.
In spite of extensive research concerning consequences of hyperglycemia on vascular endothelium (12, 31), we lack knowledge whether, similar to T-lymphocytes (22), high glucose could promote endothelial responsiveness to insulin. Hence, we hypothesized that exposure of endothelial cells to high glucose upregulates the insulin-signaling pathway, which, in turn, promotes insulin action in regard to glucose uptake. 
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Statistics. All experiments were done in duplicates at least three times. Comparisons within and among treatments were made by ANOVA and analysis of covariance. Differences between treatments were considered significant at P < 0.05. Data are reported as means ± SE.
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Results
Expression of insulin signaling molecules and GLUT-1 in HAEC incubated in high glucose.
Incubation 4A) . In contrast, IL-8 presence in the media was first significantly upregulated after 24 h of high glucose exposure by 2.1-fold and was not changed upon further incubations (Fig. 4B ).
Incubation of HAEC in medium containing 25 mM mannitol for osmotic control did not produce any changes in cytokines production by the endothelial cells.
Insulin-mediated glucose uptake by HAEC incubated in high glucose. The dramatic increases in intracellular elements, which are responsible for insulin action, warranted further studies to determine the insulin effect on glucose transport in HAEC. Insulin was not able to stimulate glucose transport in HAEC incubated in 5 mM glucose (Fig. 5A ). Basal glucose uptake in endothelial cells incubated in media supplemented with either 15 mM or 30 mM glucose for 24 hours was the same as with 5 mM glucose-containing medium. However, when HAEC exposed to high glucose concentrations were incubated with 50 µU/ml insulin, we found significant 4.2-fold and 14.3-fold increase in glucose transport compared to basal values after exposure to 15 mM and 30 mM glucose, respectively (Fig. 5A ).
We further investigated time-course of 30 mM glucose effects on insulin action in HAEC. Insulin stimulation of glucose uptake was not observed after 6 hours of incubation with 30 mM glucose (Fig. 5B) . However, after 12 hours of high glucose exposure there was gradual increase in insulin-mediated glucose transport, which reached a plateau after 48 hours of incubation. Short-term insulin action in these conditions led to 6.5-fold, 16.7-fold, 20-fold and 20.8-fold increase in glucose transport after 12 h, 24 h, 48 h, and 72 h, respectively (Fig. 5B ). To rule out the possibility of osmotic effects of high glucose, we supplemented medium containing 5 mM glucose with 25 mM mannitol and incubated HAEC in such a hyperosmolar medium for
24h, 48h, and 72 h. Neither basal nor insulin-stimulated glucose uptake was changed when compared with control HAEC exposed to mere 5 mM glucose (Fig. 5C ). High glucose increased intensity of lipid peroxidation and oxidative stress in HAEC;
Insulin effects on ERK1
however, insulin did not change either DCF intensity or formation of malondialdehyde (Fig. 7 ).
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Discussion.
This is the first report which demonstrates that in human aortic endothelial cells high glucose can also increase expression of insulin signaling proteins accompanied by de novo development of insulin-mediated glucose uptake.
High glucose incubations caused significant stimulation in expression of early elements of the insulin signaling pathway and GLUT1 (Fig. 1) . Naïve HAEC exposed to 5 mM glucose, Aortic endothelial cells express both insulin receptor and insulin-like growth factor 1 (IGF-1) receptor in ratio 1:10 (3, 4, 25) with the binding affinity of insulin to IGF-1 receptor ~100 times less than for insulin receptor (48) . Interestingly, in contrast to insulin, pro-mitogen IGF-1 increases glucose transport in HAEC, which were not exposed to high glucose (8) . One would consider that it may well be IGF-1 receptor activation that mediates glucose transport by
insulin in our experiments. However, a 2-fold magnitude of increase of glucose transport by maximal concentrations of IGF-1 in HAEC (3, 8) , compared with the significant effects of physiological concentration of insulin in the presence of high glucose (Fig. 5 ) argues against involvement of IGF-1 receptor activation in our settings. Rather, the molecular mechanism that could underlie such a transforming action of high glucose is suggestive of time-dependent overexpression of proximal elements of insulin signaling pathway and GLUT1 (Fig. 1 ) and increased insulin binding to endothelial cell membrane (Fig. 3) . However, the presence of high glucose was not sufficient to elicit an upregulation of glucose uptake because, in basal conditions, HAEC exposed to high glucose did not show any increase in glucose transport (Fig. 5) , a finding consistent with previous reports by others (2, 19 (Fig. 6) . Extensive research by others indicates that insulin action is potentiated in the presence of ROS (27). It has been suggested that ROS-induced inhibition of protein tyrosine phosphatases and/or phosphatases of mitogen-activated protein kinases may "prolong" life of activated insulin-dependent signaling proteins thereby enhancing insulin action (13, 27) . Nevertheless, further studies are warranted on the detailed molecular mechanism by which high glucose sensitizes HAEC to insulin action.
Indeed, hyperglycemia may act on mammalian cells as a growth factor, and it is possible that production of superoxide may play a significant role (6) . Based on present findings, it appears that HAEC exhibit a defense mechanism against hyperglycemic damage by providing "gates" to control the inflow of glucose with as little as 15 mM glucose. This along with the intracellular defense systems such as vitamin E, vitamin C, glutathione peroxidase, and superoxide dismutase may thereby be able to fend off deleterious effects of hyperglycemia. However, in the face of other risk factors such as hyperlipidemia and inflammation present in the diabetic state, the defense system may become overwhelmed resulting in undesirable effects of chronic hyperglycemia (29, 45). In conditions of acute hyperglycemia, there is marked increase in production of ROS and elevation of levels of cardiovascular markers and proinflammatory markers in patients blood, skeletal muscle, and liver which subside with insulin therapy and euglycemia (22, 24, 39). Furthermore, insulin infusion in patients with acute myocardial infarction demonstrates similar anti-inflammatory effect (7).
We therefore provide experimental evidence that both HAEC and T-lymphocytes in response to high glucose increase expression of insulin receptors concomitant with production of ROS and lipid peroxidation, thereby generating insulin responsiveness in order to ensure whole body glucose homeostasis. However, studies on endothelial cells indicate that such an increased glucose flux could have hazardous outcomes triggering diabetic vascular complications (31). 
